Whereas the feasibility and effectiveness of Internet-based epidemiologic research have been established, methodological support for the quality of such data is still accumulating. We aimed to identify sociodemographic differences among members of a French cohort according to willingness to provide part of one's 15-digit national identification number ( personal Social Security number (PSSN)) and to assess response consistency based on information reported on the sociodemographic questionnaire and that reflected in the PSSN. We studied 100,118 persons enrolled in an Internet-based prospective cohort study, the NutriNet-Santé Study, between 2009 and 2013. Persons aged 18 years or more who resided in France and had Internet access were eligible for enrollment. The sociodemographic profiles of participants with discordant data were compared against those of participants with concordant data via 2-sided polytomous logistic regression. In total, 84,442 participants (84.3%) provided the first 7 digits of their PSSN, and among them 5,141 (6.1%) had discordant data. Our multivariate analysis revealed differences by sex, age, education, and employment as regards response consistency patterns. The results support the quality of sociodemographic data obtained online from a large and diverse volunteer sample. The quantitative description of participant profiles according to response consistency patterns could inform future methodological work in e-epidemiology. cohort studies; data quality; e-epidemiology; epidemiologic methods; general population; Internet; prospective studies; response consistency Abbreviations: CI, confidence interval; OR, odds ratio; PSSN, personal Social Security number.
The feasibility and effectiveness of Internet-based epidemiologic research are becoming evident, especially as regards the recruitment of very large, diverse, geographically dispersed, and hard-to-reach populations (low socioeconomic strata, risky behavior profiles), the ability to incorporate novel exposure assessment tools ( physical activity, dietary behavior) which capitalize on state-of-the-art automated computer technology (1) , and the rapidly expanding access to the Internet across social strata (2, 3) . Such research has demonstrated both logistic advantages (cost-effectiveness, convenience regarding place/time of survey completion, ease of converting data to an analyzable format) and scientific advantages (improved quality and quantity of exposure measurement, complex research designs, study of sensitive topics or rare conditions) over traditional methods (3) (4) (5) (6) (7) (8) (9) . Nonetheless, despite some evidence of the validity of epidemiologic data obtained online (7) , of data concordance between Internetbased and paper-and-pencil versions of the same instruments (10, 11) , and of high Internet data test-retest reliability (10) , some authors caution that deliberate falsification, misrepresentation, and inadvertent or duplicate entries might be common issues in Web-based research (9) .
Methodological studies are beginning to emerge that capitalize on the unique opportunities available in e-epidemiology for examining data quality. For example, in a Web-based study on sexual risk behavior utilizing a rigorous validation protocol, Konstan et al. (12) reported that nearly all invalid data (11% of all entries) were due to repeat survey submissions from the same participants. Another study in the same domain found that participants providing invalid data (entries with similar Internet Protocol addresses or e-mail addresses, erratic response patterns) were more likely to be younger, to have less formal education, and to engage in sexual risk behaviors compared with their counterparts providing valid information (9) . In turn, the reinterview (including repeated questions about place of birth, education, and citizenship) designed to assess response error within the 2011 American Community Survey Internet Test revealed encouraging evidence regarding the quality of data collected online (13) . Finally, asking for personal information (demographic characteristics, e-mail address) in a Web-based study was shown to provoke privacy concerns and dropout (14) .
Given the current evidence, further efforts appear necessary with respect to the validation and refinement of e-epidemiologic research (2) . Thus, our 2 main objectives in the present methodological study were to identify differences in participant characteristics according to the optional provision of the first 7 digits (reflecting personal demographic information) of their national identification number, which is their personal Social Security number (PSSN), and to cross-reference the demographic information provided in the baseline questionnaire and the PSSN in order to assess its concordance via data consistency indices. Our main reason for asking participants to provide part of their PSSN was the possibility of addressing issues of data quality and reliability.
METHODS

Data source
To our knowledge, the ongoing NutriNet-Santé Study (Etude NutriNet-Santé) is the first large (>100,000 enrollees to date), exclusively Web-based, general-population, prospective worldwide cohort study aimed at elucidating the relationship between nutrition (eating habits, dietary patterns, nutrient intake, nutritional status, physical activity) and health. The study is positioned to serve as a resource for investigating directional, etiological, and mechanistic hypotheses pertaining to that relationship (15) . The cohort study was launched in France in May 2009 and has a planned 10-year recruitment and follow-up period. Participants are recruited via a combination of traditional and online strategies, including a vast multimedia campaign (television, radio, Internet, national/regional newspapers, billboards). The inclusion criteria pertain to residence in France (including overseas territories), age ≥18 years, and Internet access. Registration and participation take place online via a dedicated and secure website (www. etude-nutrinet-sante.fr) (15) . This study was approved by the institutional review board of the French National Institute for Health and Medical Research (INSERM) and by the French National Information and Citizen Freedom Committee (CNIL). Upon provision of informed consent and an electronic signature, each person receives a confirmation e-mail with a personal log-in number and a password. Each registered user has 3 weeks to complete in full the baseline set of 5 questionnaires (sociodemographic characteristics and lifestyle, health status, diet, physical activity, and anthropometric characteristics) before being considered enrolled and active (15) .
National identification number (PSSN)
At baseline, participants are given the option (but are not required) to provide the first 7 digits of their 15-digit PSSN. The actual wording of the question is as follows: "What are the first 7 digits of your Social Security number? Reminder: All information is confidential and will be used strictly for scientific purposes." The possible responses include: 1) provision of the PSSN data; 2) "I don't know"; and 3) "I do not wish to respond." In France, the PSSN (Numéro d'inscription au répertoire des personnes physiques (NIR)) is a unique and confidential national identification number that is assigned at birth (or upon employment for tax purposes, for persons born abroad) and is present on each person's Social Security card (carte vitale) (16) . The first 7 digits pertain to one's sex (1 digit), year and month of birth (4 digits), and department of origin (2 digits). For sex, the possible values (with some very rare exceptions) are 1 for male and 2 for female; the year of birth is given by the last 2 digits, and the code for month of birth (also with some very rare exceptions) ranges from 01 to 12. The department codes range from 01 to 99. Exceptions pertain to cases where the information is provisional or unknown or the person has a particular status. Regarding sex, for example, a provisional code of 3 might be assigned to foreign-born males who are in the process of establishing residence/employment in France. In turn, in 1964 and 1967, some department code changes were introduced following modifications in French geographical divisions and definitions (17) . Such changes included a switch from a department code of 75 or 78 for persons born in Paris to 91, 92, 93, 94, or 95 (which were previously used as department codes for Algeria, Tunisia, and Morocco) after 1964; a switch from a department code of 20 for persons born in Corsica to 2A or 2B; and a switch from 01 or 38 at birth to 69 after 1967. At the preliminary stage of our analysis, we strove to identify and account for such coding changes before considering any potential discrepancies as reporting error. Finally, in very rare cases, a month of birth in the range of 31-42 or 50-99 could be assigned to persons whose vital records were incomplete or whose month of birth was unknown.
Statistical analysis
For the present analysis, we used data from persons who enrolled in the NutriNet-Santé Study between May 2009 and May 2013. Among the participants who had agreed to provide PSSN information, we evaluated the concordance/ consistency of demographic data (sex, year of birth, month of birth, and department of origin) by constructing 4 data consistency indices. These indices were based on crosstabulations of the information reported on the baseline sociodemographic questionnaire and that reflected in the PSSN. Each index had a value of 0 for concordance or 1 for discordance. Next, we totaled the scores for the 4 indices in order to create a summary discordance measure (values 0-4).
Adjusted associations between the sociodemographic characteristics and the summary discordance measure were estimated via polytomous logistic regression models, without making any assumptions regarding the linearity of the associations. Polytomous logistic regression generalizes the binary logistic regression model, allowing the dependent (response) variable to have more than 2 categories (18) . For these analyses, we used a 3-level dependent variable: 0 = full concordance (reference), 1 = single-item discordance, and 2 = multiple-item discordance. The multivariate model included the following covariates: sex, age (18-29, 30-54, or ≥55 years), birthplace (France, including overseas territories, vs. abroad), marital status (married/cohabiting vs. other), education (up to secondary level, undergraduate, or graduate), employment (unemployed/disabled/homemaker/student, blue-collar, white-collar, or retired), area of residence (rural, urban with ≤200,000 inhabitants, or urban with >200,000 inhabitants), and monthly household income (≤€1,799, €1,800-€2,299, €2,300-€3,700, or >€3,700 (≤$2,457, $2,458-$3,140, $3,141-$5,034, and >$5,034 as of January 29, 2014)). Adjusted odds ratios and 95% confidence intervals are reported.
Finally, we performed sensitivity analyses with cumulative logit models. In fact, while the distance between each of the 2 response categories of our 3-level dependent variable was not consistent, these categories were nonetheless sequentially ordered. The proportional odds assumption inherent in a cumulative logit model was tested via the score test (19, 20) and the Pearson goodness-of-fit statistic. All analyses were conducted with SAS, version 9.3 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Through May 2013, there were 100,118 enrolled and active participants in the NutriNet-Santé cohort with complete baseline data (78.2% women; mean age = 46.2 (standard deviation, 14.6) years). In total, 84,442 participants (84.3%) had elected to provide the first 7 digits of their PSSN, whereas 15,676 participants (15.7%) had declined to provide that information. Sociodemographic characteristics of participants according to their provision of the PSSN are summarized in Table 1 . Among participants who had provided PSSN data, we crosstabulated the demographic information reported on the baseline questionnaire and that reflected in the PSSN in order to assess its concordance/discordance (Table 2 ). In total, 79,301 participants (93.9%) had fully concordant demographic data, while 5,141 participants (6.1%) had discordant data. With respect to the 4 individual data items, sex was discordant for 0.4% of the participants, while department of origin was discordant for 1.9% of the participants. There were 620 individuals (0.7%) with discordance in all 4 demographic items.
The polytomous logistic regression analysis (Table 3 ) revealed a number of differences between persons with concordant and discordant demographic data. Participants aged 18-29 years (odds ratio (OR) = 0.72, 95% confidence interval (CI): 0.62, 0.84) and those aged 55 years or more (OR = 0.64, 95% CI: 0.56, 0.73) were significantly less likely to have single-item discordance than were participants aged 30-54 years. In addition, birth abroad (vs. birth in France) was significantly associated with 40% reduced odds of single-item discordance. Next, compared with white-collar workers, persons who were unemployed, disabled, homemakers, or students were 15% more likely to have single-item discordance. Regarding multiple-item discordance, we observed increased differentiation among the participants. Males (vs. females) and those aged 18-29 years (vs. 30-54 years) were 34% and 31% less likely, respectively, to have multiple-item discordance. However, those born abroad (vs. born in France), those with no more than a high school diploma (vs. a graduate degree), and those with blue-collar occupations or who were unemployed, disabled, homemakers, or students had increased odds of presenting multiple-item discordance. For example, participants who were unemployed, disabled, homemakers, or students were over 3 times more likely to have multiple-item discordance compared with their counterparts in white-collar positions (OR = 3.06, 95% CI: 2.75, 3.39). No significant associations were observed as regards area of residence or monthly household income.
The results of the sensitivity analyses via cumulative logit models indicated that the proportional odds assumption was violated (data not tabulated), thus reinforcing the adequacy of the polytomous logistic regression models, which allowed the regression coefficients for each covariate to vary across the response categories.
DISCUSSION
Despite the burgeoning literature focused on the design and feasibility of Web surveys (2, 8, 21) , evidence about the consistency, quality, and reliability of research data in the domain of e-epidemiology is currently insufficient. With the present study, we aimed to begin filling this gap in knowledge. Specifically, we observed that over threequarters of online participants were comfortable providing part of their PSSN, which-because of its length (15 digits) and confidential nature-is infrequently solicited in France. It should be noted that participants were asked for their PSSN and other personal information at the beginning of the survey, which could potentially provoke privacy concerns and dropout (14) . Requesting such data early on had logical as well as practical advantages in terms of commitment and retention in the study. While it may have an adverse impact on the representativeness of the cohort (introducing potential selfselection bias), early dropout might offer the advantage of improved follow-up rates.
We found encouraging evidence of demographic data consistency in approximately 94% of the sample with available PSSN information. Only 0.7% of that subsample had discordant data regarding all 4 demographic items. Given the absence of a gold standard as regards demographic data quality, the cross-referencing of 2 separate data sources served as a means of assessing data quality and reliability. To our knowledge, this is the first methodological study to examine issues related to response consistency in a large, ongoing population-based online cohort.
Our multivariate analyses revealed a number of differences in participant sociodemographic profiles with regard to response consistency as well as the extent of data discordance. The strongest evidence pertained to employment status, which played a role in both single-and multiple-item discordance. Specifically, compared with white-collar workers, persons who were unemployed, disabled, homemakers, or students were 15% more likely to have single-item discordance and over 3 times more likely to have multiple-item discordance. Male sex emerged as a significant predictor of decreased multiple-item discordance but not single-item discordance. Interestingly, persons aged 55 years or more (vs. those aged 30-54 years) were less likely to have single-item discordance but somewhat more likely to have multiple-item discordance. We could speculate that participants belonging to that age group might represent a more heterogeneous subsample in terms of both cognitive abilities (attention, concentration, memory) and sensory abilities (vision) compared with their younger counterparts, owing to cognitive aging or age-related comorbidity. Added to the complexity of the PSSN composition, this might partly explain the tendency for older participants to be more likely to evidence inconsistency regarding all 4 sociodemographic items than regarding a single item. In turn, level of formal education appeared to play a role with respect to multiple-item discordance, with persons who had up to a secondary school education being 36% more likely to have such data discordance than persons with graduate-level education. Having less formal education has previously been associated with the provision of invalid online data in human immunodeficiency virus/acquired immunodeficiency syndrome research (9) . Finally, monthly household income or area of residence did not appear to play a role in response consistency in our study.
Whereas methodological research about Internet-derived data quality is scant, existing recommendations pertain to the utility of identified (as in our study) rather than anonymous responses, the need for computing data consistency indices, and the need for using both automated and manual validation techniques in order to increase confidence in the quality of data collected online and in the findings of such research (12, 22) . For example, a recent methodological study identified both random and nonrandom "careless" response patterns in online surveys, for which different consistency indices were needed (22) . Those authors reported that approximately 10%-12% of the participants (all of whom were undergraduate students completing a lengthy survey for course credit) were categorized as "careless" responders (22) . An increased likelihood of satisficing by providing 914 Andreeva et al.
Am J Epidemiol. 2014;179 (7):910-916 many "don't know" responses and by exhibiting decreased differentiation on rating scales has also been reported in Webbased research (23, 24) . It has been suggested that Internet-based epidemiologic surveys may present better data quality than that obtained via traditional research methods owing to the incorporation of validation checks and also to the reduced likelihood of socially desirable responding (24) or self-censorship (25) . In fact, neither telephone-based surveys nor paper-and-pencil surveys are regarded as a gold standard in epidemiologic research (2, 26) . However, evidence suggests that persons who respond to Web-based questionnaires are similar to those who typically participate in traditional-mode surveys in terms of age, sex, and socioeconomic status (8) . Findings from 2 pilot studies carried out within the NutriNet-Santé cohort have indicated superior data quality in the Web version than in the paper version of both the anthropometric and demographic questionnaires, as the paper version was associated with data entry errors and missing/aberrant/inconsistent data. Such issues were prevented from occurring in the Web versions owing to integrated quality controls (11, 25) . In addition, another pilot study conducted within the NutriNetSanté cohort compared Web-based self-administered 24-hour dietary records against 24-hour dietary recalls collected by a trained dietitian (27) . Apart from the considerable logistic simplification and cost savings associated with online survey administration, the findings of that study revealed strong agreement between the two methods, as evidenced by the intraclass correlation coefficients computed for food intake and by the energy-adjusted Pearson correlation coefficients computed for nutrient intake (27) . Results from another methodological study revealed that the inclusion of invalid data (entries with similar Internet Protocol or e-mail addresses, erratic survey patterns) in the main analyses did not change the direction or statistical significance of the correlations of interest yet changed the precision of the estimated relationships (9) . However, those authors cautioned that the removal of all suspicious entries might be an overly conservative and inappropriate strategy for improving data quality, as it might lead to the exclusion of valid data, to decreased statistical power and sample diversity, and to biased conclusions (9) .
The principal limitation of this study was the lack of information on participation or refusal rates, since the call for recruitment is not delivered to a predefined and exhaustive list of individuals. Another limitation concerns the fact that both data sources used for response consistency assessment pertained to self-reports. In other words, we were not able to evaluate demographic data consistency against an independent, objective source. In addition, it is possible that some of the reasons for data discordance might pertain to inadvertent reversal of the information. For example, respondents might unintentionally report their year of birth after the month of birth (by reversing the positions of the year and month codes). In the case of discordance, it would appear more likely that the error came from the PSSN (which might be difficult to memorize given its length) than from the sociodemographic questionnaire, where built-in controls include, for example, a fixed range of acceptable years of birth and a fixed range of postal codes for each region of residence. Next, we did not report on differences across the sociodemographic characteristics according to provision of the PSSN, because the very low P values from such comparison tests could not convey meaningful information either about the practical importance of the results or about potential confounders.
In this study, we relied on polytomous logistic regression, which is a relatively flexible modeling strategy, not imposing any restrictions on the sequential ordering of the response categories. Unlike cumulative logit models, in polytomous logistic regression models the regression coefficients associated with each covariate are allowed to vary across levels of the ordinal dependent variable.
In conclusion, our methodological work supports the consistency/concordance of pivotal sociodemographic data, such as sex, date of birth, and place of birth, obtained online for research purposes. In addition, the present findings fill gaps in knowledge by providing a quantitative description of both participant profiles and potential bias according to response consistency patterns. Generally, the results of this study advance understanding in the relatively novel field of e-epidemiology by providing insight into opportunities for investigating issues related to data concordance, quality, and reliability.
